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Stain removalAbstract Among the various bacterial isolates, the strain MSF 46 isolated from thorn forest soil
samples, Tamil Nadu, India, was screened and characterized for its proteolytic activity. While the
16S rRNA sequencing and biochemical characterization revealed that the strain closely resembles
Methylobacterium sp., methylotrophy of the strain was conﬁrmed by the sequence homology of
mxaF gene with other relative Methylobacterium sp. The alkaline protease was puriﬁed to homoge-
neity using DEAE cellulose ion exchange chromatography, with a 5.2-fold increase in speciﬁc activ-
ity and 34% recovery. The apparent molecular weight of the enzyme was determined as 40 kDa by
SDS–PAGE study. The pH and temperature optima were 9.0 and 50 C respectively with maximum
protease activity of 1164 U/ml. Protease of MSF 46 was active in a broad pH range 7.0–11.0 with a
maximum at pH 8.5 and exhibited thermostability at 50 C. The enzyme activity was inhibited by
PMSF but showed stability with Tween 20, Triton X-100 and hydrogen peroxide. Nearly 30%
reduction in enzyme activity was observed in the presence of EDTA and DTT. The enzyme was
effective in hydrolyzing gelatin, skimmed milk and blood clots and exhibited the potency for dehai-
ring of goat skin and removing blood stain from cotton fabric. Signiﬁcant morphological changes
were observed under scanning electron microscope between cells grown in normal and casein
amended medium. This ﬁrst detailed report on the production of alkaline protease by a PPFM
112 S. Jayashree et al.strain appears promising toward development of protocols for mass production, study of the molec-
ular mechanism and other applications.
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Technology.1. Introduction
The hydrolytic enzyme protease occupies a pivotal niche repre-
senting one of the three largest groups of industrial enzymes
[48]. Though classiﬁed into four categories based on their
mode of action, alkaline proteases alone constitute approxi-
mately 89% of the total protease market due to its wide appli-
cations in laundry detergents, leather processing, protein
recovery or solubilization, organic synthesis, meat tenderiza-
tion, detergents, food industry, photography, pharmaceuticals
and bioremediation [38]. They are produced by a wide range of
microorganisms including bacteria, molds and yeasts.
Although a number of studies have been reported on alkaline
protease production by bacteria like Bacillus, Pseudomonas,
Halomonas, Arthrobacter, Serratia, Vibrio, Paenibacillus and
from other genera [31], protease production by methylotrophic
bacteria is still to be explored in detail.
Pink pigmented facultative methylotrophs (PPFMs) repre-
sented by the genusMethylobacterium are physiologically inter-
esting group of methylotrophs because of their practical
signiﬁcance in bioconversion of substrates which are unusable
by other organisms into products with economic value [42].
They are ubiquitous and are capable of growing on methanol,
methylamine as well as C2, C3 and C4 compounds [33]. They
also possess the ability to stimulate seed germination, plant
development, hormone or vitamin production, ACC deaminase
activity, siderophores production and ﬂavor development [17].
Recently, we have reported cellulase production and phosphate
solubilization by PPFM strains isolated from Tamil Nadu,
India [20,21]. Though the production of protease from single
carbon utilizing methylotrophs has been hypothesized inMeth-
ylophilus and Methylotrophic yeast [7,34,39], to the best of our
knowledge, no reports are available on the protease activity of
pink pigmented facultative methylotrophs (PPFM). Consider-
ing the above fact, in the present work, water and soil samples
were isolated from various environments. The isolated PPFM
strains along with the reference strains were screened for prote-
olytic activity. Among the isolates, a PPFM strain, MSF 46 was
selected as a potent protease producer and was identiﬁed based
on the phenotypic and genotypic characteristics. The extracel-
lular protease of MSF 46 was optimized, puriﬁed and charac-
terized. Further, the enzyme was tested for destaining of
blood from cotton fabric, liquefaction of blood clots and dehai-
ring of goat skin. In addition, casein induced changes on the
cells of MSF 46, which was studied through SEM analysis.
2. Materials and methods
2.1. Screening of protease producing PPFM strains
PPFM strains isolated from water samples of river Cooum
and Adyar, Chennai and forest soil samples in various
districts of Tamil Nadu, India along with reference strainsMethylobacterium extorquens, Methylobacterium organophi-
lum (obtained from University of Washington, Seattle),
Methylobacterium gregans and Methylobacterium komagatae
(obtained from Microbiological and Analytical Group, Food
Research Laboratories, Japan) were screened for protease
activity (Table 1). For qualitative analysis, the strains grown
in methanol mineral salts medium (MMS) supplemented with
0.5% (v/v) methanol were spot inoculated on to the solid
medium containing (g/l): peptone, 10; beef extract, 10; NaCl,
5.0, amended with skimmed milk powder (10% w/v) at pH
7.0; the plates were incubated at room temperature for
48 h. Colonies showing clear zones were scored as positive.
2.2. Medium and culture conditions for enzyme production
The protease producing PPFM strains were grown in a liquid
medium with pH 7.0 containing (g/l): peptone, 10; beef extract,
10; NaCl, 5.0 and casein 1% (w/v). The ﬂasks were incubated
at room temperature on a rotary incubation shaker (150 rpm).
After 72 h, cultures were harvested by centrifugation at
10,000 rpm for 10 min at 4 C. The cell free supernatant was
used as the enzyme source for protease assay.
2.3. Enzyme assay
2.3.1. Qualitative assay
Soluble gelatin (4% w/v) emulsiﬁed and supplemented with
agar (1.5% w/v) was poured into Petri plates. Cups of about
0.5 cm diameter were punched on the agar and culture ﬁltrates
containing enzyme were added to the wells. The plates were
incubated at room temperature overnight and then ﬂooded
with mercuric chloride solution (15 g in 20 ml of 6N HCl).
The zone of clearance around the well indicated the extent of
protease activity.
2.3.2. Quantitative assay
Protease activity was measured following the procedures pre-
scribed by Keay and Wildi [27]. Brieﬂy, the enzyme solution
was added to 0.5% (w/v) casein solution (dissolved in
50 mM citrate buffer with pH of 7.6) and incubated at 37 C
for 60 min. The reaction was terminated with the addition of
1 ml of 10% (w/v) Trichloroacetic acid and allowed to stand
at room temperature for 10 min and centrifuged at
10,000 rpm for 10 min. Aliquots of 0.5 ml supernatant were
mixed with 2.5 ml of 0.5 M Na2CO3 and 0.75 ml of Folin–Cio-
calteu’s phenol reagent: water (1:3 v/v) and incubated at room
temperature for 30 min in dark condition. The optical density
of the solutions was determined at 650 nm and compared
against a tyrosine standard curve. Zero time blanks and con-
trols without enzyme were also carried out for the stud.
One unit of enzyme activity was deﬁned as the amount of
the enzyme that liberates 1 lg of tyrosine per min under the
standard assay conditions.
Table 1 Isolated PPFM strains and its sources.
PFFM strains Source Sample type
Methylobacterium extorquens University of Washington, Seattle –
M. organophilum University of Washington, Seattle –
M. komagatae Microbiological and Analytical Group, Food Research Laboratories, Japan –
M. gregans Microbiological and Analytical Group, Food Research Laboratories, Japan –
MLW 1 Cooum River, India Water
MLW 6 Cooum River, India ‘‘’’
MNW 60 Cooum River, India ‘‘’’
MDW 80 Adyar River, India ‘‘’’
MDW 83 Adyar River, India ‘‘’’
MHW 109 Adyar River, India ‘‘’’
MSF 28 Annamalai Hills, India Soil
MSF 29 Annamalai Hills, India ‘‘’’
MSF 31 Gugal Shola, India ‘‘’’
MSF 32 Killai Forest, India ‘‘’’
MSF 34 Kodaikanal Forest, India ‘‘’’
MSF 39 Mangroove Forest, India ‘‘’’
MSF 40 Mangroove Forest, India ‘‘’’
MSF 44 Tiger Shola, India ‘‘’’
MSF 46 Erode Thorn Forest, India ‘‘’’
MSF 48 Pamper Shola, India ‘‘’’
Screening and characterization of alkaline protease produced by PPFM strain, MSF 46 1132.4. Strain identiﬁcation and characterization
The PPFM strain MSF 46 was identiﬁed according to the
methods described in Bergey’s manual of systematic bacteriol-
ogy [6]. The ability of the strain to assimilate different sub-
strates (ethanol, formaldehyde, acetic acid, methylamine,
succinic acid, fumaric acid, formic acid, pyruvic acid, betaine,
aspartic acid, glutamic acid, glycerol, glucose, fructose, lactose,
maltose, mannose, ribose, rhamnose, xylose and mannitol)
other than methanol was studied in the MMS liquid medium
[20]. Thermolabile substrates were ﬁlter sterilized using a
0.22 lmmembrane ﬁlter and added to the medium. The PPFM
strain was also identiﬁed on the basis of the mxaF and 16S
rRNA gene sequence analysis. The bacterial genomic DNA
was isolated by phenol–chloroform method. The presence of
mxaF gene that encodes a-subunit of the methanol dehydroge-
nase which is a key gene present in all methylotrophs was
ampliﬁed using speciﬁc primers 1003f and 1561r [40]. The
16S rRNA gene was ampliﬁed using the universal 27F and
1492R bacteria-speciﬁc primers that were designed to amplify
a 1,500 bp segment of the 16S rRNA [8]. Both the ampliﬁed
DNA fragments were sequenced, compared with the GenBank
database and the phylogenetic tree was constructed with 1000
bootstrap re-samplings as described by Jayashree et al. [20].
The nucleotide sequences of the mxaF and 16S rRNA gene
of MSF 46 were submitted in the GenBank database.
2.5. Puriﬁcation of protease
The protease enzyme from MSF 46 strain was puriﬁed in
three-step procedures viz., ammonium sulfate fractionation,
dialysis and DEAE cellulose gel permeation chromatography.
All puriﬁcation procedures were carried out at 4 C. The cell
free 72 h old culture supernatant was concentrated by addition
of ammonium sulfate and brought to 80% saturation. The
mixture was allowed to stand at 4 C overnight. The ammo-
nium sulfate fraction was dialyzed extensively in the dialyzerof a molecular weight cut-off of 8000–12,000 Da at 4 C
over-night. The dialyzed sample was then separated on a
DEAE cellulose column (2.5 cm · 10 cm), which was previ-
ously equilibrated with Tris buffer (pH 9.0). The enzyme was
eluted from the column using a linear NaCl gradient
(0–0.5 M) with a ﬂow rate adjusted to 1 ml/min. The eluted
fractions (1 ml each) were analyzed for protease activity at
50 C at pH 9 under standard assay conditions and monitored
at A280.
2.6. SDS–PAGE
The enzyme sample was denatured by heating at 100 C and
loaded on 10% (w/v) SDS–PAGE gel [32]. Protein bands were
visualized by staining the gel with Coomassie Blue R-250 and
the relative molecular mass of the protein was calculated using
molecular weight markers.
2.7. Effect of pH and temperature on protease activity
Optimum pH for the enzyme activity was determined with
0.5% (w/v) casein as substrate dissolved in different buffer sys-
tems with varying pH range (2.0–12.0). The buffer systems
involved in the study were 0.1 M of citrate phosphate (pH
2.0–5.0); sodium phosphate (pH 6.0–7.0); Tris–HCl (pH 8.0–
9.0) and Glycine–NaOH (pH 10–12.0). The enzyme activity
was measured as described earlier.
Effect of temperature on protease was determined by mea-
suring the enzyme activity at various temperatures (20–80 C)
at pH 9.0 using casein as the substrate under standard assay
conditions.
2.8. Effect of pH and temperature on protease stability
The pH stability of the enzyme was determined by pre-
incubating the enzyme for 1 h at room temperature in different
buffers (pH 5.0–12.0). The thermal stability was studied by
Figure 1 Protease activity of PPFM strain MSF 46 in Gelatin
cup assay. The culture supernatant of the PPFM strains contain-
ing the extracellular protease was analyzed. Zone of clearance
indicates the hydrolysis of gelatin by the enzyme. C – Control
(Media alone); MSF 46 – PPFM isolate from thorn forest soil
sample.
Figure 2 Protease activity from PPFM strains. The strains were
grown on 1% casein media. Enzyme activity was measured after
72 h of incubation using Folin–Ciocalteu reagent with casein as
substrate. One unit of protease activity was deﬁned as the amount
of enzyme liberating 1 lg of tyrosine per min under assay
conditions. Results represent mean ± SD of three replicated
experiments. Values denoted by different letters differ signiﬁcantly
at p< 0.05 level.
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activity was determined under standard assay conditions.
2.9. Effect of inhibitors, surfactants and oxidizing agents on
protease activity
The inﬂuence of various protease inhibitors such as 1 mM
phenylmethylsulfonylﬂuoride (PMSF), 10 mM Ethylenedia-
mine tetra acetic acid (EDTA), 1 mM 1,4-dithiothreitol
(DTT); surfactants (1% SDS, 1% Tween 20 and 1% Triton
X-100) and oxidizing agents (1% Hydrogen peroxide) on the
enzyme activity was investigated. The enzyme was pre-
incubated with the above mentioned additives in 50 mM Tris
HCl buffer, pH 9 at room temperature for 30 min and then
the residual activity was measured at 50 C, as described
above. Residual activity was determined as a percentage of
activity after incubation at different buffers and various
temperatures, while activity at time zero was considered as
100% activity.
2.10. Wash performance assay
The efﬁcacy of the protease enzyme in removing blood stains
was evaluated [19]. The resulting reﬂectance of the test fabric,
was measured on a MACBETH 2020 Plus reﬂectance spectro-
photometer at 420 nm (for blood stain).
2.11. Liquefaction of blood clot
The enzyme solution was incubated with clotted goat blood at
room temperature and the condition of the clot was monitored
[19].
2.12. Dehairing of goat hide
The efﬁciency of protease from MSF 46 strain in the process of
dehairing of goat’s hide was carried out as reported by
Jayakumar and co-workers [19].
2.13. Scanning electron microscopy
The MSF 46 cells grown in the medium amended with and
without casein were harvested after 72 h of incubation and
were subjected to scanning electron microscopic (SEM) analy-
sis. The cells were washed in cacodylate buffer (0.1 M, pH 7.2)
containing 0.22 M sucrose and were ﬁxed in 2% (v/v) glutaral-
dehyde in cacodylate buffer at 4 C for 2 h. The suspension
was centrifuged and again washed in cacodylate buffer. The
samples were post-ﬁxed in 1% osmium tetroxide (OsO4) in
cacodylate buffer at 4 C for 2 h, dehydrated by increasing
concentrations of alcohol and dried in hexamethyldisilazane
and mounted on aluminium stubs. The samples were sputter-
coated with gold/palladium and examined using a FEI quanta
200 SEM operating at an accelerating voltage of 10 keV.
2.14. Statistical analysis
All the experiments were carried out in triplicate and the data
were evaluated by analysis of variance (ANOVA) and means
were compared by applying Tukey’s test using SPSS 14.0statistical package. The level of signiﬁcance was accepted as
p< 0.05.
3. Results
3.1. Qualitative and quantitative assay
Among the strains isolated from various environmental sam-
ples from Tamil Nadu, India, an isolate MSF 46, from the soil
samples of thorn forest located in Erode District, Tamil Nadu
exhibited a large zone of clearance around the well on gelatin
agar indicating the extracellular protease activity in the hydro-
lysis of gelatin (Fig. 1). The cell-free supernatant of MSF 46
selected for further studies displayed signiﬁcantly higher prote-
ase activity (263 U/ml) than other PPFM isolates when casein
was amended in the nutrient medium (Fig. 2).
Figure 3 Phylogenetic tree of the PPFM strain MSF 46 and its
closest Methylobacterium sp., based on mxaF gene sequences.
Accession numbers are given within brackets. The topology was
inferred using the neighbor-joining method.
Figure 4 Phylogenetic tree showing the relationships based on
16s rDNA gene sequences between a PPFM strain MSF 46 and
other related taxa. MSF 46 which showed maximum proteolytic
activity and had closest relationships with the members of pink
pigmented facultative methylotrophic species of genus
Methylobacterium belonging to alpha proteobacteria with valid
published names. The tree was drawn using the neighbor-joining
method.
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producing PPFM strain, MSF 46
The isolate MSF 46 was characterized as a pink pigmented,
Gram-negative, rod shaped bacterium possessing sudanophilic
granules. The strain was catalase and oxidase positive. It was
positive for nitrate, citrate, urease and negative for
Voges–Proskauer, methyl red and indole tests. The isolate
accumulated polyhydroxybutyrate and grew with a wide rangeTable 2 Partial puriﬁcation and recovery of the protease from pink
S. No. Step Total activity
(U/ml) TA
Protein
(mg/ml) P
Speciﬁ
(U/mg
1. Crude enzyme 1181 1.05 1125
2. 80% ammonium
sulphate saturation
1033 0.5 1998
3. Dialysis 783 0.3 2511
4. DEAE cellulose 403 0.07 5837
Protease activity was assayed by Folin–Ciocalteu method using casein as
enzyme liberating 1 lg of tyrosine per min under assay conditions. De
Formula shows the calculation for each column in the sequential eventsof carbon sources from single to multiple carbon such as meth-
anol, ethanol, formaldehyde, glycerol, glutamic acid, betaine,
citric acid, acetic acid, aspartic acid, succinic acid, formic acid,
fumaric acid, galactose, sucrose, glucose, fructose, maltose and
mannitol. The strain showed the ampliﬁcation of mxaF gene of
methanol dehydrogenase of approximately 560 bp on 2% aga-
rose gel (data not shown). The sequence of mxaF gene had the
highest homology (99%) with the previously published
sequence encoding the methanol dehydrogenase enzyme alpha
subunit of Methylobacterium lusitanum strain MP2 (Fig. 3).
The nucleotide sequence of 16S rRNA gene of MSF 46 had
highest homology (96% and 97%) with previously published
sequences of M. lusitanum strain MP2 and Methylobacterium
sp., hence classiﬁed under a-Proteobacterium (Fig. 4). From
the result, the isolate was distinguished as closest relative of
Methylobacterium genus and was tentatively designated as
‘‘Methylobacterium sp. MSF 46 strain’’. The nucleotide
sequences of the mxaF and 16S rRNA gene of MSF 46 were
submitted in the GenBank database with the following acces-
sion numbers GU980954 and HQ585892, respectively.
3.3. Puriﬁcation of extracellular alkaline protease
The extracellular alkaline protease produced by the PPFM cul-
ture Methylobacterium sp. MSF 46 grown in nutrient medium
supplemented with 1% (w/v) casein was puriﬁed by ammo-
nium sulfate precipitation, dialysis and ion exchanger
DEAE-cellulose chromatography. The protease activity was
analyzed for all the fractions obtained after partial puriﬁca-
tion. Among that a particular fraction which showed remark-
able protease activity was column eluted using gradient NaCl
and puriﬁed as a single peak using gel-ﬁltration chromatogra-
phy with a speciﬁc activity of 1125 U/mg. The summary of
protease puriﬁcation is presented in Table 2. The puriﬁed pro-
tease enzyme showed 5837 U/mg speciﬁc activity. Overall,
34% recovery with 5.2-fold puriﬁcation was achieved by three
step puriﬁcation process see Fig. 5.
3.4. SDS–PAGE analysis
Under denaturing conditions, the SDS–PAGE analyses of
crude culture supernatant of MSF 46 revealed several distinct
bands corresponding to molecular masses ranging from 
20 kDa to 90 kDa (Fig. 6, Lane 1) while the puriﬁed protease
was seen as a clear discrete band in SDS–PAGE corresponding
to molecular mass of 40 kDa (Fig. 6, Lane 2).pigmented facultative MSF 46 strain.
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Figure 5 Elution proﬁle of protease on DEAE cellulose column.
5 ml of the dialyzed sample was loaded onto DEAE cellulose
column and eluted at a ﬂow rate of 1 ml/min. Absorbance (Abs280)
of the eluted column fractions were monitored spectrophotomet-
rically. Protease activity was assayed by Folin–Ciocalteu reagent
using casein as substrate. One unit of protease activity was deﬁned
as the amount of enzyme liberating 1 lg of tyrosine/min under
assay conditions.
Figure 6 SDS–PAGE analysis of extracellular alkaline protease
in 10% SDS–PAGE. SDS–PAGE (10%) under reducing condi-
tions. Lane M, molecular weight standards; Lane 1, crude
supernatant containing extracellular protease; Lane 2, puriﬁed
protease (pooled fractions from DEAE-cellulose ion exchange
chromatography) after coomassie brilliant blue staining.
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Figure 7a Effect of pH on enzyme activity. The pH proﬁle was
determined in different buffers of varying pH (2.0–12.0) at 37 C.
The enzyme activity was measured under the standard assay
conditions. Results represent mean ± SD of three replicated
experiments.
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Figure 7b Effect of temperature on the enzyme activity. The
optimum temperature was determined by assaying enzyme activity
at various temperatures ranging from 20 C to 80 C using
100 mM Tris–HCl buffer at pH 9. The enzyme activity was
measured under the standard assay conditions. Results represent
mean ± SD of three replicated experiments.
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Studies on the enzyme activity at different pH between 2.0 and
12.0 showed that the protease from strain MSF 46 maintained
its activity over a broad pH range of 5.0–11.0 with signiﬁcantly
higher activity (971 U/ml) at pH 9.0 (Fig. 7a). However, prote-
ase activity was maintained up to 50% at pH 8.0–10.0, which
rapidly decreased below 20% of the maximal activity at pH 5.0
and 12.0.
The alkaline protease was active between the temperatures
of 30 and 60 C. The MSF 46 strain exhibited maximumactivity (1064 U/ml) at the optimum temperature of 50 C
(Fig. 7b). The enzyme activity started declining above 50 C.
However, 97–99% of protease activity was found to be
retained at 40 C which declined to 50% at 30 and 60 C.
3.6. Effect of pH and temperature on protease stability
Upon incubation for 1 h, alkaline protease from MSF 46 was
highly stable in a wide range of pH between 5.0 and 12.0 with a
maximum activity at pH 8.5 (Fig. 8a). The strain retained more
than 50% of the activity at pH 7.0 and 11.0, which decreased
to 30% at pH 12.0.
The protease enzyme was highly stable at 20 and 30 C with
total activity of 1087 and 1070 U/ml, respectively. The enzyme
had 50% of its original activity after incubation at 40 C, while
the enzyme was rapidly inactivated above 60 C (Fig. 8b).
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Figure 8a Effect of pH on stability of enzyme. The stability of
the protease enzyme at different pH was determined after
incubating the enzyme in various buffers at pH (5.0–12.0) values.
The enzyme activities were measured under the standard assay
conditions. Results represent mean ± SD of three replicated
experiments.
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Figure 8b Effects of temperature on stability of enzyme. The
temperature stability of the protease enzyme was tested by pre-
incubating at different temperatures for 1 h from 20 C to 70 C.
The enzyme activity was measured under standard assay condi-
tions. Results represent mean ± SD of three replicated
experiments.
Table 3 Effect of enzyme inhibitors on protease activity.
Components Concentration Residual activity (%)a
Control – 100 ± 10.2
PMSF 1 mM 41 ± 6.3
EDTA 10 mM 76 ± 5.4
DTT 1 mM 70 ± 12.3
SDS 1% 85 ± 13.2
TritonX-100 1% 93 ± 6.6
Tween 20 1% 94 ± 5.7
H2O2 1% 84 ± 13.2
a The enzyme preparation was incubated with different inhibitors
detergents and oxidizing components for 1 h at 30 C and the
activity was measured under standard assay conditions. The
residual activity was expressed as a percentage of the activity
without inhibitor.
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enzyme activity
The effects of inhibitors, surfactants and oxidizing agents on
proteolytic activity of Methylobacterium sp. MSF 46 strain
were investigated by measuring residual activity after incuba-
tion with each of the chemicals using casein as the substrate
(Table 3). Among the chemical reagents employed, the prote-
ase activity was greatly inhibited by PMSF and retained about
40% of its activity. Residual activities of the enzyme were 76
and 70% in the presence of EDTA and DTT respectively.
While the anionic detergent SDS inhibited the protease activity
up to 15%, the enzyme was more stable against nonionic
surfactants like Triton X-100 and Tween 20, retaining more
than 90% of the total activity. The oxidizing agent had only
minimal effect on the protease activity.
3.8. Wash performance, liquefaction and dehairing tests
The wash performance analysis revealed that the serine
alkaline protease ofMethylobacterium sp. MSF 46 strain could
effectively remove blood stain from cotton fabrics within
20 min at room temperature without employing any
detergents. Reﬂectance measurements showed that about
80% of blood stain was removed (Fig. 9a). As shown in
Fig. 9b, after incubation with serine alkaline protease, insolu-
ble blood clot converted to liquid state. Similarly, the results of
dehairing assay clearly indicated that the enzymes produced by
the isolate Methylobacterium sp. MSF 46 exhibited prominent
dehairing after 8 h incubation. The result exhibited white col-
ored smooth surface, good stretching, clean hair pore, clear
grain structure and with no observable damage to the collagen
along with complete skin depilation in direct observation
(Fig. 9c).
3.9. Scanning electron microscope analysis
The SEM analysis of the cells ofMethylobacterium sp. MSF 46
harvested from the control medium without casein appeared to
be smooth on the surfaces (Fig. 10a). In contrast, cells grown
in medium containing casein revealed extensive morphological
changes with some surface disruption and perforations
(Fig. 10b and c). Extracellular ﬁber like structure also
appeared to be severely condensed, radically dehydrated
remnants.
4. Discussion
The present study forms the ﬁrst detailed report on the puriﬁ-
cation and characterization of protease from PPFM isolates.
The zone of clearance visualized around the colony of PPFM
strains indicates the extent of the protease activity [52]. All
the strains growing well in the presence of casein with the
enzyme production at 30 C [49] conﬁrmed the activity of
casein, a complex proteinaceous substrate, to induce the
bacteria to secrete the enzymes [12]. The gelatin cup assay
further conﬁrmed the capability of the protease enzyme pro-
duced by the PPFM strains in hydrolyzing other proteinaceous
substrates [28]. The variations observed in the protease activity
a2 b1
c1
a1 b2
c2 c3
Figure 9 Ability of extracellular alkaline protease of MSF 46 strain in digestion of natural proteins. (a) Washing performance of the
protease. The test fabric was stained with blood and dried as shown in a1 (control). Removal of blood stains without addition of
detergents was shown in a2 (treated with protease for 20 min). (b) The protease incubated with blood clot at room temperature for 30 min.
complete solubilization was achieved after 2 h. b1 – control; b2 – enzyme treated. (c) Dehairing capacity of the alkaline protease was tested
in goat skin. c1 – control; c2 – at 5th h of treatment; c3 – after 8 h of treatment.
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activities between the strains belonging to the same group with
some common features [10].
The pink pigmented facultative Methylotrophic strain MSF
46 grew on variety of single and multicarbon substrates [14,21].
The ampliﬁcation of mxaF gene encoding methanol dehydro-
genase enzyme authenticates the methylotrophy of MSF 46
strain [40]. The nearly full length sequence of highly conserved
locus of 16S rRNA gene was found to be related to the type
strains M. lusitanum strain MP2 (96%) and Methylobacterium
sp. (97%) [16,52].
In the puriﬁcation process, two protease peaks eluted from
the column with one major peak (I) and one minor peak (II),
suggest that this bacterium produces two types of proteases. A
5.2-fold puriﬁcation by a three-step method using DEAE cel-
lulose with a speciﬁc activity of 5837 U/mg and 34% yield
was achieved, the failure of Peak II to show protease activity
could probably be related to chromatographic artifact. Com-
parable results of 3–7-fold puriﬁcation with 30–84% recovery
using DEAE ion exchange chromatography were reported
from Bacillus sp. and Pseudomonas sp. [5,44].
SDS–PAGE of the puriﬁed preparation showed a single
band corresponding to molecular mass of 40 kDa. Juarez
and Stinson [25] related that the apparent size heterogeneity
of the protease observed in zymogram blots could be due tothe peptidoglycan substituents with their subsequent removal
in the column chromatography resulting in single protease
band or due to degradation of larger proteins during column
chromatography. However, the most probable explanation
for this multiple bands’ observation was linked to the trimer
or tetramer formation because of the presence of SDS in the
gel [35]. According to Vazquez et al. [50], these multiple bands
can represent isozymes, different proteases or active fragments
from auto proteolysis of one unique protease. The observed
molecular weight of the MSF 46 protease was approximately
closer to most proteases reported previously from Pseudomo-
nas sp., Vibrio sp., Bacillus sp. and Clostridium sp., which
appeared as a single homogenous band in gelatin SDS–PAGE
zymography [13,31].
Maximum enzyme activity was achieved in pH 9.0 at 50 C,
which is a notable characteristic feature of alkaline proteases
[31]. Similar pH and temperature optima were reported for
proteases from several microbial species [19,23,45,51]. The
protease enzyme from the PPFM strain was considerably sta-
ble at a broad range of pH from 5.0 to 11.0 with thermal sta-
bility from 50 C as reported earlier in other species [10]. The
inﬂuence of pH and temperature on the enzyme activity
observed in the present study is in concordance with the previ-
ous reports [24]. However, yield and activity have been
reported to vary from organism to organism depending on
Figure 10 Scanning electron microscopy of cells of PPFM strain
MSF 46. (a) Micrographs of MSF 46 grown in medium without
casein. (b) Micrograph of MSF46 grown in medium containing
1% casein. Arrow shows the presence of extracellular ﬁbrils. (c)
Arrows show area of autolytic surface deterioration, cell surface
damage, changes in the morphology and perforations in the cells.
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environment [11].
Enzyme inhibition studies can provide ﬁrst insight into the
nature of the enzyme, its cofactor requirements and the nature
of the active center. A 50% reduction in enzyme activity by the
protease inhibitor PMSF suggests the damage of serine residue
at the active site that might cause the loss of enzyme activity.
Further, a strong stability of the enzyme was observed toward
non-ionic surfactants like Triton X-100, Tween 20 andoxidants like H2O2 with 15% reduction in the presence of anio-
nic detergent, SDS. Earlier reports indicate that a protease
from Bacillus sp. and Thermococcus lost approximately 20%
of its activity on treatment with SDS [29,36]. A decrease in
activity by EDTA conﬁrms that metal ions may be necessary
for activity or stability of the enzyme [43]. The impact of
DTT on decreasing the enzyme activity indicates that it might
be due to reduction of intra-molecular disulﬁde bonds required
to maintain the activity and stability of the enzyme [46,47]. The
above inhibition proﬁle suggests that the extracellular protease
fromMethylobacterium sp., MSF 46 might be a serine alkaline
protease. Most of the alkaline proteases from Bacillus sp.,
Vibrio sp. and Pseudomonas sp. have also been classiﬁed under
the serine protease family [4,49]. The striking stability of the
enzyme toward detergent and oxidizing agent appears to be
an attractive feature from application point of view [9,15].
The wash performance test revealed that the protease
enabled the removal of formaldehyde-ﬁxed blood stain from
test cotton fabrics effectively at room temperature without
the addition of any detergents. Earlier studies have also
reported on the usefulness of alkaline proteases from
alkaliphilic bacteria like Pseudomonas sp., Spilosoma sp. and
Bacillus sp., in removal of blood stains from cotton cloth either
in the presence or absence of detergents [2,18,19,26]. The
efﬁciency of the bacterial proteases to digest various natural
proteins like blood clot, albumin, collagen and ﬁbrin has also
been reported in the earlier studies [1,19,41]. Similarly, results
on the dehairing of the goat hide by the enzyme also
corroborate with the earlier studies [19,37].
The distinct changes observed on the surface features of the
MSF 46 culture grown in the presence of the casein could well be
explained by the substrate induced protease production, which
in turn would have caused morphological changes or could be
due to autolysis of the protease against the cell wall protein of
its own resulting in tissue disintegration [22,30]. The extracellu-
lar, severely condensed, radically dehydrated remnant ﬁber like
structures observed could be related to the attachment and
colonization of the bacteria to the substrates [3,52].
5. Conclusion
This work describes the puriﬁcation and the characterization
of alkaline protease from a newly isolated PPFM strain
MSF 46 that belongs to genusMethylobacterium isolated from
forest soil of Tamil Nadu, India and also forms the ﬁrst
detailed report on its protease activity. The enzyme was func-
tionally active and stable over a wide range of pH, temperature
and various protease inhibitors. This preliminary study offers
further opportunity to explore the production and molecular
mechanism of extracellular protease in PPFMs. It is envisaged
that more investigation on growth conditions, strain improve-
ment and production of protease to a prominent level using
cost-effective medium would make the strain a potential candi-
date for further use. The present study also lays stress on a new
perspective to study various environments to discover new
PPFM isolates with novel properties.Acknowledgements
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